SUMMARY A recording medication monitor and fluorescein technique were used to study selfmedication by 82 patients with primary open-angle glaucoma for whom pilocarpine eye drops 3 times a day had been prescribed. Of these patients 34 (41 %) missed 6 or more doses during a 20-day period, and for 35 (43 %) an 8-hour dose interval was exceeded at least 20 % of the time. Consequences may include lack of effectiveness in preventing visual loss and unnecessary prescription of more potent, and more toxic, drugs.
do not take their drugs as prescribed (Sackett and Haynes, 1976) . This may be one of the major reasons for failure of treatment in such conditions as hypertension (Sackett et al., 1975) , heart failure (Johnston et al., 1978) , and tuberculosis (Dixon et al., 1957) . We have reviewed the development of visual field defects over a 2-year period among 40 patients with primary open-angle glaucoma treated at the eye clinic of our hospital. Of these patients 18 (45%) have shown marked progression of their visual field defects despite continuous prescription of drug treatment.
Primary open-angle glaucoma often causes only marginal complaints but requires long-term and frequently inconvenient treatment. Treatment is aimed at preventing long-range damage and provides no subjective improvement to prove its benefit to the patient. In fact, drug treatment may even produce temporary symptoms, such as smarting or blurred vision. Nevertheless patients are expected to take their medication regularly. Moreover, taking the drugs regularly may be of particular importance in glaucoma treatment since the drugs commonly used, such as pilocarpine, have a relatively short duration of action (Ellis, 1977) . Selfmedication has been called 'the most overlooked aspect of glaucoma' (Riffenburgh, 1966) .
Some interview data are available on the medication behaviour of glaucoma patients. Vincent (1972) interviewed 62 glaucoma patients and 36
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(58%) said they failed to take their eye drops more often than once a month. In a study of 40 patients with chronic simple glaucoma interviews indicated that 11 (28%) missed properly taking their medication more often than once a week (Bloch et al., 1977) . In another study 94 glaucoma patients were asked, 'Why don't you take the eye drops exactly as the doctor said?' and 31% 'admitted incorrect usage of medications' (Spaeth, 1970) . The phrasing of the questions in these studies and some of the comments made by the authors point out the difficulties in obtaining accurate information on medication behaviour by interview. Indeed, striking discrepancies have been found between interviews and more objective data on drug taking by patients on different kinds of medication (Bergman and Werner, 1963; Gordis et al., 1969; Roth and Caron, 1978) . In ophthalmology, however, there is little objective information on medication behaviour. Self-medication of 2 patients with glaucoma using a medication monitor technique has been described (Yee et al., 1974) . The purpose of the present study was to describe medication behaviour with pilocarpine eye drops among patients with primary openangle glaucoma treated in an eye clinic. 
MEASUREMENT METHODS
Self-administration of pilocarpine eye drops was studied with a medication monitor and fluorescein technique. These methods have been described and discussed elsewhere (Norell et al., 1979) .
The medication monitor consists of a small plastic box with a holder for a 25 ml medication bottle. An The monitor recorded the date and hour each time the medication bottle was opened during a 3-week period between visits to the eye clinic. The days of clinic visits were excluded, leaving a monitor record of 20 days for each patient. For 8 patients a monitor record was obtained only after a second 20-day period owing to defective monitor batteries during the first test period. The patients were not told the purpose of the monitor until the collection of data was completed. Informed consent was obtained from the patient before the monitor record was printed out by computer and analysed, and the procedures were approved by the committee on ethics. To control other sources of the drug all prescriptions and bottles of pilocarpine were recalled from the patient when he received the monitor. No further intervention in the patient's routine was made until the monitor data were collected.
A fluorescein technique was used to study the ability of patients to administer the eye drops into the conjunctival sac. Each patient was asked to apply eye drops, containing 0-04% fluorescein, 5 different times in each eye, giving 10 tests of whether or not these drops actually fell into the conjunctival sac. Of the 82 patients studied, 15 patients, according to interview, always had their pilocarpine eye drops administered by somebody else (5 by a nurse and 10 by relatives). These patients were not examined with the fluorescein technique. Another 3 patients were lost to the study before they were tested with the fluorescein technique.
MEASIJRES OF MEDICATION BEHAVIOUR
The intervals between doses is a fundamental measure of medication behaviour, which in turn depends on the number of doses taken as well as the spacing between doses. The monitor records provide information on the length of the intervals between openings of the medication bottle. Such intervals will represent dose intervals under certain conditions (Norell et al., 1979) . Monitor data, therefore, may be presented as a frequency distribution of dose intervals, as in Table 1 , where x is the length of dose intervals in hours. If we choose arbitrarily any specific interval length of t hours, then the sum of (x-t) for all intervals where x>t will give the total time exceeding the t hours dose interval during the observation period. Dividing this sum by the length of the observation period, gives the proportion of time exceeding the t hours dose interval.
This may also be illustrated graphically in a cumulative frequency curve based on the same monitor data (Fig. 1) . A vertical line representing a certain interval length (t), such as the line t=8 in Fig. 1 , will divide the area over the curve into 2 parts, A and B. The proportion of time exceeding t hours dose interval is equal to A/A + B. This proportion may be determined for t=the drug's duration of action, thus estimating the proportion of the time when there is no drug effect. It may also be determined for t=24/n, where n is the number of daily doses prescribed, thus estimating the proportion of time exceeding the duration of dose intervals expected if all prescribed doses had been taken at equal intervals. Since in this study all patients had a prescription of pilocarpine eye drops 3 times a day, the proportion of time exceeding 8-hour dose interval was estimated.
Monitor data were also analysed in relation to the number of daily doses prescribed. For each patient there was an interval during the night (between 0100 and 0400) when no doses were taken. For each day (between 2 such intervals) the number of doses taken (d) was compared to the prescribed 3 doses a day. If d< 3, Monitor data are given in Table 1 as the frequency distribution of the duration of intervals between doses in hours for the patient sample. Fig. 1 The proportion of time exceeding the 8-hour dose interval is determined not only by the number of doses taken but also by the spacing between doses. This is evident in Table 2 , where the proportion of missed doses is related to the proportion of time exceeding the 8-hour dose interval. For example, among the 21 patients taking all the prescribed doses, 14 exceeded the 8-hour dose interval at least 10% of the time owing to irregular spacing between doses.
Discussion
Some problems in the measurement of medication behaviour were discussed in a previous paper (Norell et al., 1979) . It was concluded that the medication monitor and fluorescein technique offer more accurate and detailed information on medication behaviour than, for example, similar data obtained by interview.
The effect of drug treatment is related not only to the number of doses taken but also to the spacing between doses. Finding a measure which takes both these factors into account is a major problem in describing medication behaviour. The proportion of time exceeding a t hours dose interval offers a solution to this problem. It has been suggested that a single dose of pilocarpine is effective in lowering intraocular pressure for about 8 hours or less (Ellis, 1977; Heilmann and Richardson, 1978) , while some data indicate a longer duration of action (Drance et al., 1974; Quigley and Pollack, 1977) . On the assumption that the effective duration is about 8 hours, it would seem reasonable to consider the proportion of time more than 8 hours from a Table 2 Missed doses in relation to time exceeding 8-hour dose interval for each patient in the study sample previous dose as a rough estimate of the proportion of time when there is no drug effect. However, a more accurate description of the time without drug effect would have to take several factors into account. First, drug effect is not an all-or-nothing phenomenon, and the effect of a single dose will decrease gradually over time. Secondly, if several doses are taken with shorter intervals, say 1 or 2 hours, the concentration of the drug in the anterior chamber of the eye may rise above the concentration followed by a single dose, and this may give a longer 'duration' after the last dose. Thirdly, if the level of the intraocular pressure (IOP) is important as a cause of visual loss in glaucoma, and if, for example, IOP is higher during the morning hours than later during the day, then it may be more important to 'cover' these hours. A further refinement of the measure used here will have to take these and possibly other factors into consideration.
From the patients diagnosed and for whom pilocarpine was initially prescribed the study sample was selected by the process summarised in Fig. 4 . After diagnosis (a) pilocarpine treatment is prescribed for some patients (d) but not for others (b, c) . Of the patients for whom pilocarpine treatment was prescribed some will have their therapy changed to other drugs, for example, phospholine iodide, or operation (h). In this study 3 patients were lost because their treatment was changed between 1 March 1977 and their entry into the study (median .4 time about 10 months). Over many years a considerable proportion of patients initially on pilocarpine have their treatment changed. Since the reason for this may be that the pilocarpine treatment did not work, an overrepresentation of patients not adherent to the prescribed regimen should be expected in this group. Other patients will be lost because they have not maintained follow-up appointments (g). In this study 3 patients were lost during the time before their entry into the study. For long periods of time they did not visit the clinic, had no supply of pilocarpine, and were obviously not taking the drug. Other studies have shown that 37% of patients with glaucoma or ocular hypertension did not return for follow-up appointments during 12 to 20 months after initial diagnosis (Bigger, 1976) and that among patients referred for further testing from a glaucoma screening programme 20% did not keep their appointment (Rosenthal, 1967) .
The selection process forming a group for clinical study is of course more complicated than it would appear from the diagram. In any case a considerable proportion of the patients for whom pilocarpine was initially prescribed were lost in the process. Furthermore, an overrepresentation of patients not adherent to the prescribed regimen would be expected among those lost from the sample selected for study. A follow-up study of an inception cohort, that is, patients for whom pilocarpine was initially prescribed from a well defined population, might clarify this situation.
Our findings suggest that missed doses are more frequent than has been found in other studies of medication behaviour in glaucoma (Spaeth, 1970; Vincent, 1972; Bloch et al., 1977) . This is not surprising, since these studies have been based on interview data, with underreporting of missed doses as a major problem (Bergman and Werner, 1963; Gordis et al., 1969; Roth and Caron, 1978) . In addition, our data show that dose intervals exceeding the expected interval length will often be due to irregular spacing between doses rather than omitted doses. The proportion of time exceeding an 8-hour dose interval varied widely between patients, from 3% to 88%, with a median of 17-2%. Furthermore, the study sample could be expected to be more adherent to the prescribed regimen than the patients for whom pilocarpine was initially prescribed.
Visual loss from glaucoma during drug treatment is often dealt with by prescribing more potent, and more toxic, drugs. This may not be appropriate, since lack of effect in preventing visual loss may be due to irregular drug taking rather than that the drug is not effective. Similarly, the outcome of clinical drug trials may be influenced by the patients' medication behaviour. This calls for simple methods to check that patients take their drugs regularly, and useful strategies to improve medication behaviour. These problems are under investigation in our group. 
